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Abstract. The surface electric characteristics of bare 
strange stars are investigated with the inclusion of bound¬ 
ary effects. The thickness of the electron layer where pairs 
can be spontaneously created is calculated as a function of 
the bag parameters. We find that previous estimates are 
representative for bag parameters within a rather wide 
range, and therefore our results favor the thermal radia¬ 
tion mechanism of bare strange stars advanced by V. V. 
Usov. 
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1. Introduction 

It is of great importance to identify strange stars; a new 
window of distinguishing neutron stars and bare strange 
stars (BSSs) has been proposed recently according to their 
sharp differences of surface conditions (Xu, Zhang, Qiao 
2001; Usov 2001a). It is therefore essential to study the 
surface properties of BSSs in details, e.g., the degree of 
the thermal luminosity of a hot BSS. 

The surface electric field should be very strong (~ 10 17 
V/cm) near the bare quark surface of a strange star be¬ 
cause of the mass difference of the strange quark and the 
up (or down) quark (Alcock et al. 1986), which could play 
an important role in producing the thermal emission of 
BSSs by the Usov mechanism (Usov 1998, Usov 2001b), 
because the strange quark matter is a poor radiator of 
thermal photons at frequencies less than its plasma fre¬ 
quency (~ 20 MeV) (Alcock et al. 1986). The basic idea 
of the Usov mechanism is that pairs are created rapidly 
in a few empty quantum states with energy e < cf — 2 me 2 
(cf is the Fermi energy, m the electron mass) due to the 
very strong electric field in an electron layer (with a height 
of ~ 500 fm above quark surface); the pairs subsequently 
annihilate into photons which are then thermalized in the 
electron layer])] around a BSS. This radiative mechanism 
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1 This layer may be optically thick for BSSs with tempera¬ 
ture T <; 10 9 K. 


has been applied tentatively to soft 7 ray repeaters (Usov 
2001c; Usov 2001d) recently. In addition, the strong elec¬ 
tric field plays an essential role in forming a possible crust 
around a strange star, which has been investigated exten¬ 
sively by many authors (e.g., Martemyanov 1992; Kettner 
et al. 1995; Huang & Lu 1997; Phukon 2000; see Zdunik, 
Haensel & Gourgoulhon 2001 for the recent development 
with the inclusion of rotating and general-relativistic ef¬ 
fects). Also it should be noted that this electric field 
has some important implications on pulsar radio emission 
mechanisms (Xu & Qiao 1998; Xu, Qiao, Zhang 1999; Xu, 
Zhang, Qiao 2001). 

In fact the Usov mechanism of pair production de¬ 
pends on many parameters; it is therefore imperative to 
study the dependence of the process on these parame¬ 
ters. With some typical parameters chosen by Usov in 
his calculations, the resultant thickness of the electron 
layer with electric field E 1.3 x 10 16 V/cm (the crit¬ 
ical field necessary for pair production), Ars, is ~ 500 
fm. However the proper determination of the thickness 
Ars should be done with the dynamical theory of the 
strange quark matter. Because of the untractable nature 
of the quantum chromodynamics, some phenomenological 
models, i.e., the MIT bag model (e.g., Jensen & Madsen 
1996), the quark mass-density-dependent model (e.g., Lu- 
gones & Benvenuto 1995), and the quark potential model 
(e.g., Dey et al. 1998), have been applied to the descrip¬ 
tions of the strange quark matter . In the bag model, ArE 
is a function of a c (the coupling constant for strong in¬ 
teractions), m s (the strange quark mass), and B (the bag 
constant). Also it should be noticed that the quark num¬ 
ber densities, n\ (i = u, d, s for up, down and strange 
quarks, respectively), are assumed to be uniform below 
the quark surface, and therefore the quark charge density 
(2n u — rid — n s )/3 = V q 3 /( 37 r 2 ) is constant near the surface. 
The potential V q is usually chosen as 20 MeV for typical 
cases. However the quark number densities should not be 
uniform near the surface if boundary effects are included, 
since charge neutrality is broken there. 

In this paper we improve the calculation of the electric 
field in the vicinity of a BSS surface, using the popular bag 
model and the Thomas-Fermi model. We investigate the 
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electric characteristics of BSSs for different values of a c . 
Initially we use typical parameters for m s = 200 MeV and 
B 1 / 4 ~ 145 MeV. Then the thickness, Ars, of the electron 
layer where pairs can be created, is computed as functions 
of B, m s , and a c . It is found that Usov’s estimates are 
representative for bag-model parameters within a rather 
wide range. Boundary effect are also considered in this 
calculation. 

2. Calculation of the electric field near the quark 
surface 

The interesting electric properties of strange stars were 
first noted by Alcock, Farhi & Olinto (1986), who pre¬ 
sented numerical calculations of the electric potentials of 
strange stars with or without crusts. Analytical solutions 
of the electron number density and the electric field was 
also formulated, which could be helpful in dealing with 
some physical processes near the quark surfaces of strange 
stars (Xu & Qiao 1999). In this section, the bag model is 
applied to calculate the quark charge density; the Thornas- 
Fermi Model is employed to find Ars dependence on a c , 
m s , and B, with the inclusion of boundary effects. 

2.1. Equations 

In our calculation, the quarks and electrons near the sur¬ 
face of the strange star keep chemical equilibrium locally; 
the relation between charge density and electric potential 
is described by the classical Poisson equation. The thermo¬ 
dynamic potentials fl; as functions of chemical potentials 
/x; (i = u, d, s, e), ni s and a c can be found in literature 
(Alcock et al. 1986). In the chemical equilibrium of weak 
interaction, 


Md = AT = 

(1) 

/^e /^u — 

(2) 
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Note that the thermodynamical potential is defined 
when the electric potential V is assumed as zero. We thus 
replace p, with /q — qV in Eq.(|4|), where q is the particle 
charges. Finally we come to, 
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where the complex term n s (V) can be derived from chem¬ 
ical potentials f 

The boundary conditions for Eq.(|j) are 


z —> — oo : V —> Vo, dV/d z —> 0; 
z —> Too : V —> 0, dV/dz —> 0. 

where Vo is the electric potential in the deep core of the 
strange star, which is determined from Eq.(^J) by letting 
the left hand side equal zero. 


2.2. Results 


By integrating Eq.(jOi) in (—oo,T4] and [14, Too) respec¬ 
tively, with the boundary conditions, we get the expres¬ 
sion of the electric field E = —dV/d z, where 14 = U| 2=0 . 
Obviously 14 is a function of a c , which can be obtained 
from the continuity of E at 2 = 0. Substituting 14 into 
the equations of E and then integrating them, we get the 
expression of V. For 0 > 0, we find 
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where z is a measured height above the quark surface. 

The quark number densities drop to zero on the sur¬ 
face, but they are not uniform below the surface if the 
boundary effects are considered. The chemical potential 
p can be determined by the condition that the pressure 
on the quark surface is zero, B|^=o = 0. The pressure is 
P= Yli Ui — B (Alcock et al. 1986). 

The kinetic energy of electrons is equal to the elec¬ 
tric potential, p e = V, in the Thomas-Fermi model. The 
electron number density reads (Alcock et al. 1986) 


«l = yl 

37T 2 37T 2 


(5) 


Several numerical results are obtained, which are 
shown in Table 1 and Figs.1-4. First, we study the elec¬ 
tric characteristics of a BSS for different values of a c , as¬ 
suming^ /i = 300 MeV, m s = 200 MeV, and the renor¬ 
malization point /3 r = 313 MeV. The quark and elec¬ 
tron number densities {rij} when z —> — oo, as well as 
potentials of Vb and 14, are listed in Table 1 for a c = 
0,0.1, 0.3, 0.5, 0.7, 0.9, respectively. The electric potential 
V and field E are also plotted in Figs. 1-3 for this case. 
We see from Fig.l that the potential curve becomes flatter 

2 Generally there is a relation between p and B, p = p(B). 
In this assumption B V 4 ~ 145 MeV. 
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Fig. 1. Electric potential as a function of 2 with 
a c =0,0.3,0.5,0.7,0.9 


Fig. 2. Electric field changes slowly above the quark sur¬ 
face. The coupling constant a c is chosen to be 0, 0.7, 0.9, 
0.94. 


Ctc 

0 

0.1 

0.3 

0.5 

0.7 

0.9 

B 1/4 /MeV 

146 

144 

139 

133 

127 

120 

nu/10 44 m _J 

2.86 

2.71 

2.41 

2.10 

1.80 

1.48 

nd/10 44 m _J 

3.95 

3.68 

3.14 

2.60 

2.07 

1.54 

n s /10 44 m _,:> 

1.77 

1.74 

1.68 

1.61 

1.52 

1.42 

n e /10 4U m _,:> 

13.9 

11.9 

7.77 

4.03 

1.21 

0.30 

Uo/MeV 

31.65 

29.99 

26.05 

20.93 

14.01 

4.08 

K/MeV 

30.69 

29.11 

25.34 

20.44 

13.77 

4.06 


Table 1. The particle number densities far below the 
quark surface, and the potentials of Vo = V[z = — 00 ) 
and V c = V(z = 0), for different values of a c . 


when the coupling constant a c increases. Also it should be 
noted from Figs.2 and 3 that the electric filed E changes 


rather slowly for z > 0, but varies rapidly for z < 0. This 
indicates the non-symmetric nature of the electric field 
with respect to the quark surface of z = 0. 

Secondly, we investigate numerically the thickness, 
ArE, of the electron layer where pairs can be created, as 
functions of the bag parameters m s , B, and a c . The results 
are shown in Fig.4. It is found that the Usov mechanism 
can work for bag parameters within a rather wide range. 
The thickness Ace could be large enough (i.e., Ars *5 500 
fm) as long as (1) B is not too large and m s is not too 
small, or (2) B is not too small and m s is not too large. In¬ 
creasing of a c has an adverse influence on the Usov mech¬ 
anism. For instance in Fig.2, the field E can not exceed 
the critical field £ c = 1.3 x 10 16 V/cm (necessary for pair 
production) if a c > 0.94. Nevertheless previous dynamical 
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calculations show that a c <; 0.9 is less possible for a stable 
strange quark matter. In conclusion we could expect that 
the pair emission process proposed by Usov might appear 
in nature for acceptable bag parameters. 


3. Conclusion &: Discussion 

We have improved the calculation of the electric character¬ 
istics of bare strange stars with the inclusion of boundary 
effects (i.e., the effects of non-local neutrality near and be¬ 
low the quark surface). From our calculation, we find that 
the Usov mechanism can work for bag parameters within 
a rather wide range. 

As shown in Table 1, both V c and Vo, as well as their 
very small difference, decrease as a c increases. Our results 
on the electric potential V(z) for z < 0 is quit different 
from the previous calculation given by Alcock et al.(1986) 
where the boundary effects were not included (see Fig. 1). 
It is shown that the strong electric field resides only about 
~ 10 fm below the quark surface (see Fig. 3), rather than 
~ 10 2 fm obtained by Alcock et al. (1986). 

We can proof that E is almost an exponential function 
of z below the quark surface. Denote the right hand side 
of the Eq.(p) as f(V). As z -» — oo, namely V —> Vo, we 
have f(V) —> 0. Approximating f(V) as f{Vo)(V — Vo), 
we can obtain E = — \//'(Vb) exp[y / / , (Vo)]z and V = 
Vo - explyTW^l for z <0. 
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Fig. 3. Electric field varies sharply below the quark surface. 
a c = 0,0.5, 0.9. 
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Fig. 4. A set of calculated thickness Ar e, as functions of 
bag parameters of B and m s , for different coupling con¬ 
stants a c = 0,0.3,0.6,0.9. Indicated numbers denote the 
correspondence values of ArE- 







